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Abstract 1 2
Cognitive action control depends on cortical-subcortical circuits, involving notably the subthalamic 3 nucleus (STN), as evidenced by local field potentials recordings (LFPs) studies. The STN consistently 4
shows an increase in theta oscillations power during conflict resolution. Some studies have shown that 5 cognitive action control in Parkinson's disease (PD) could be influenced by the occurrence of 6 monetary reward. In this study, we investigated whether incentive motivation could modulate STN 7 activity, and notably STN theta activity, during response conflict resolution. To achieve this objective, 8
we recorded STN LFPs during a motivated Simon task in PD patients who had undergone deep brain 9 stimulation surgery. Behavioral results revealed that promised rewards increased the difficulty in 10 resolving conflict situations, thus replicating previous findings. Signal analyses locked on the 11 imperative stimulus onset revealed the typical pattern of increased theta power in a conflict situation. 12
However, this conflict-related modulation of theta power was not influenced by the size of the reward 13 cued. We nonetheless identified a significant effect of the reward size on local functional organization 14 (indexed by inter-trial phase clustering) of theta oscillations, with higher organization associated with 15 high rewards while resolving conflict. When focusing on the period following the onset of the reward 16 cue, we unveiled a stronger beta power decrease in higher reward conditions. However, these LFPs 17 results were not correlated to behavioral results. Our study suggests that the STN is involved in how 18 reward information can influence computations during conflict resolution. However, considering 19 recent studies as well as the present results, we suspect that these effects are subtle. 24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT (Wagenbreth et al., 2015) . Since most of our daily behaviors are motivated, an important aspect is the 1 influential role of motivation, and more specifically of incentive stimuli, on cognitive action control 2 performance. It is indeed fairly accepted that motivational stimuli can trigger reward expectation that, 3 in turn, influences decision making (Berridge, 2004) . Recent studies have accordingly investigated 4 whether incentive stimuli could modulate cognitive action control performances, mainly relying on 5 motivated conflict tasks in which an incentive stimulus is presented before the imperative stimulus, 6 thereby triggering reward expectation. So far, no strong consensus has been achieved on the influence 7 of such stimuli on the ability to resolve conflict. Indeed, some studies in healthy participants described 8 a beneficial effect of the expected reward, and measured as a smaller effect of conflict on behavioral 9
measures ( . Finally, a recent study has reported that the STN was involved in the influence of promised 12 rewards on conflict resolution since patients with STN-DBS showed more impulsive responses in low 13 rewarded conflict context compared to patients without DBS (Houvenaghel et al., 2016b ). 14 15
So far, only a few studies have described the STN oscillatory activity while treating a 16 monetary reward. For instance, Zénon et al (2016) investigated STN response to a promised monetary 17 reward during an effortful behavior. The authors showed that STN low-frequency oscillatory power (< 18 10 Hz) was modulated by the size of a promised monetary reward, with increased power when the 19 reward was high. In another study focusing on gambling in PD patients, the authors proposed a task in 20 which patients, with or without pathological gambling, had to choose a stimuli that could represent 21 either a monetary loss or a gain with different probabilities (Rosa et al., 2013) . In that study, 22 modulation of STN oscillatory power in response to a potential reward was also described in the low 23 frequencies (< 12 Hz). Taken together, even if further studies are needed to confirm the STN response 24 to a motivational stimulus, evidence is pointing at an involvement of low frequencies, notably in the 25 theta range, as it is the case for conflict processing.
27
The precise mechanisms through which the STN acts in cognitive action control and in reward 28 processing are still elusive. However, there is convincing evidence that the STN plays a role in 29 controlled behaviors, most of which are directed to specific goals and under the influence of 30 motivation, another process known to involve the STN (Bonnevie & Zaghloul, 2018). However, to our 31 knowledge, no study has described the involvement of the STN in how reward stimuli modulates 32 cognitive action control performance. In this study, we analyzed STN LFPs recorded in 16 PD patients 33 performing a Simon task motivated by the presentation of promised monetary reward before the 34 imperative stimulus. We hypothesized that STN oscillatory activity is modulated by the reward both at 35 reward presentation, and during conflict processing, in the theta band. More specifically, we sought to 36 verify that STN theta power increases according to the reward size, and that the conflict-related 37 increase in theta power would also be modulated by the reward size. 38 39 clinical evaluation, as previously described in Péron et al. (2017) , so that the lowest contact was 51 positioned at the level of the ventral border of the STN, thus allowing stimulation on the above 52 contacts, in the sensorimotor part of the nucleus or at the interface between the subthalamic region and 53 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT the zona incerta. The electrodes model used were Medtronic model 3389 (Medtronic Neurological 1 Division, Minneapolis, MN, USA) with four platinum-iridium cylindrical surfaces (1.27 mm in 2 diameter and 1.5 mm in length) and a contact-to-contact separation of 0.5 mm. Contact 0 was the most 3 ventral and contact 3 the most dorsal. Lead location was confirmed by a three-dimensional CT scan 4 acquired a few days after implantation.
Methods
5
This study was conducted in accordance with the declaration of Helsinki and was approved by the 6
Rennes University Hospital ethics committee (approval number IDRCB: 2011-A00392-39). After a 7 complete description of the study, all patients gave their informed written consent. 8 9 Patients were asked to perform a motivated Simon task developed in our team (Houvenaghel et al., 7 2016a, b) . Each trial began with the display of a monetary incentive cue in the form of a coin that was 8 either 1 cent, 1 € or fake (a chimeric combination of a 1 cent and 1€ coin, named fake stimulus in the 9 following sections). Each coin had a diameter of 3.7 cm that subtended a visual angle of 2.35°. After a 10 black screen (700-1100 ms), a blue or yellow circle appeared either on the right or on the left side of 11 the screen. Each circle had a diameter of 5.5 cm that subtended a visual angle of 2.48°. Participants 12 had to press a blue or a yellow button on a keyboard with the left or right hand as fast and as 13 accurately as possible according to the color of the stimulus while ignoring its location. The left and 14 right color positions were counterbalanced across subjects. Two different conditions were possible: a 15 congruent one, when color and location matched and activated the same response; and an incongruent 16 one, when color and location indicated different responses, which induced response conflict. In order 17 to obtain the full reward, the participants had to respond as fast and as accurately as possible, with the 18 reward size being proportional to speed. Baseline reaction time (RT) was calculated in the practice 19 phase (32 trials without a reward cue), and the reward obtained by the participants linearly increased 20 from 0 to 100% of the 1 cent or 1€ cue according to their speed. A performance equal to baseline 21 yielded only 50% of the promised reward, while faster trials (RT = 80% of the baseline) were fully 22 rewarded and slower trials (RT = 120% of the baseline) and erroneous responses were not rewarded.
23
The trials with the fake stimulus were never rewarded. At the end of each trial, a feedback showing the 24 amount of money virtually won since the beginning of the block was displayed for 1500 ms before the 25 next trial. The total virtual money won was also displayed at the end of each block of trials. Both 26 baseline and experimental phases (5 blocks of 72 trials) contained the same amount of congruent and 27 incongruent trials, and each congruence/level of reward combination was displayed 60 times in a 28 pseudo-randomized order. Statistical analyses consisted in comparing RT and accuracy according to congruence and the level of 27 motivation. This resulted in 2 (congruence) * 3 (reward cue) factorial designs, with two levels of 28 congruence (congruent and incongruent) and three levels of reward cue (fake, 1 cent, 1€). To perform 29 these analyses, we used linear (using the lme function) and non-linear mixed models (using the glmer 30 function) on RT and accuracy, respectively. Since RT were not normally distributed, they were 31 inverse-transformed before the analysis. We used mixed-models instead of standard ANOVAs to 32 avoid the loss of power associated with averaging data and to take into account inter-individual 33 variability by adding a random effect of subject (see Gueorguieva and Krystal, 2004) . Post-hoc 34 analyses were carried-out when main effects were significant. We used Tukey tests computed by the 35 glht function (package multcomp) providing adjusted p-values using individual z tests (Hothorn et al., 36 2007). In the case of significant congruence*motivation interaction on RT or accuracy, further models 37 M A N U S C R I P T
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were ran between each pair of motivation condition to evaluate the differences in the congruence 1 effect between the two motivation conditions. In those cases, p-values were adjusted using the 2 Bonferroni correction. The significance statistical threshold was set at p = 0.05. 3 4
LFPs signal analyses 5 6
Signal preprocessing was performed using the Brainstorm toolbox (Tadel et al., 2011) for Matlab (The 7
Mathworks, USA). All subsequent data analyses were performed using custom Matlab code (available 8 upon reasonable request) based on published equations (Cohen, 2014). 9 10 2.5.1 Preprocessing 11 12
All LFP data was high-pass filtered offline at 0.5 Hz. Data was epoched from -1 to 2s surrounding the 13 presentation of the reward cue, and also surrounding the imperative stimulus. Thus, two sets of epochs 14
were analyzed: one to investigate LFP responses to the motivational cue, and one to investigate LFP 15 responses to the imperative stimulus. Such long epochs were used on purpose to avoid edge artifacts 16 associated with wavelet convolution (see next section). All trials were visually inspected, and those 17 with excessive noise or artifacts were manually discarded. Subsequent analyses only focused on 18 correct trials with respect to the behavioral preprocessing steps described above. The most distal contacts were located 11.5 ± 4.2 mm lateral to the anterior-posterior commissure (AC-25 PC) line, -3.1 ± 1.7 mm posterior to the middle of the AC-PC line, and -5.4 ± 1.7 mm below this point.
26
These positions and the CT-scan confirmation of the anatomical location of the lead indicated that, for 27 all patients, the pair of distal contacts (0-1) was effectively located within the STN, in the ventral part, 28 which is thought to preferentially reflect cognitive processing (see supplementary Figure 1 for an 29 example of electrode positioning). We thus focused the subsequent analyses on the most distal pair of 30 contacts. However, it is worth noting that because of the use of a bipolar recording, and because of 31 volume conduction, we do not have the spatial resolution to affirm that the recordings only reflect LFP 32 of the ventral part of the STN. Furthermore, inspection of the global average activity for each bipolar 33 pair of contact showed that activity was more specific in the 0-1 pair, but was nonetheless similar in 34 the 1-2 and 2-3 contact pairs (see supplementary Figure 2 ). Thus, all interpretations will pertain to the 35 global STN region.
36
Because of technical difficulties, we weren't able to record RT corresponding triggers, which 37 precluded response-locked analyses. 38 39 40
Time-frequency analyses 41 42
Time-frequency decomposition of data was performed using a complex Morlet wavelet convolution in 43 the frequency domain. We chose to focus on a frequency range from 1 to 40 Hz, thus ignoring high 44 frequencies, because conflict and reward-related oscillatory activity was mostly described in low 45 frequencies (up to the beta range). The power spectrum of the fast-Fourier transform of the LFP signal 46 was multiplied by the power spectrum of a set of complex Morlet wavelet e i2 ૈ ft *e -t²/(2s² ) , where t is time, 47 f is frequency ranging from 1 to 40 Hz in 50 logarithmically spaced steps, and s is the width of the 48 wavelet defined by n/(2ૈf). n is the number of cycles of the wavelet that directly impacts the 49 frequency/temporal resolution compromise. Using a high number of cycles increases frequency 50 resolution, while a low number favors temporal resolution. We used a logarithmically increasing 51 number of cycles ranging from 4 to 10. Thus, we chose to increase temporal resolution for low 52 frequencies, which is indicated in the case of transient changes or condition differences investigation, 53 M A N U S C R I P T
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and frequency resolution for high frequencies (Cohen, 2014 ). Power was then normalized using a decibel (dB) transform [dB power = 10 x log 10 4 (power/baseline)] to ensure that all data were at the same scale, thus allowing condition comparisons. 5
Since we wanted to investigate the effect of congruence and motivation and their interaction on the 6
LFPs, we used a baseline of -500 to -200 ms before the onset of the reward cue for both the motivation 7 and cognitive action control sets of epochs. Average baseline power was calculated across all 8 conditions using that time-window. 9
We also investigated phase results by computing inter-trial phase clustering (ITPC) to investigate local 10 functional organization. This measure shows similarity regarding the phase angle of oscillations across 11 trials, thus indicating the level of functional organization. It was computed for each time-frequency 12 point according to
ቚ where n is the number of trials, and Ф is the phase angle at trial t.
13
This formula calculates the length of the average phase angle complex vector, and takes values 14 ranging from 0 (indicating a uniform phase angles distribution across trials) to 1 (indicating perfect 15 clustering of phase angles). To take into account differences in trial count between conditions, and to 16 ensure that ITPC would be comparable, we transformed ITPC to ITPCz as follows: ITPCz = n x ITPC 2 17 where n is the number of trials (see Cohen, 2014) . ITPCz is expressed in arbitrary units (a.u).
19
Left and right STN were assumed to be independent (as in Zavala et al., 2013; , thus analyses 20 were applied to 30 pairs of contacts (2 STN data were entirely discarded, see preprocessing section).
21
Power and ITPC were compared across conditions, and for both motivation and cognitive action 22 control epochings, by visually selecting time-frequency windows of interest on the time-frequency 23 map (downsampled to 100 Hz) averaged over all trials, regardless of experimental conditions and 24 subjects before any other analysis. We chose this approach rather than the classic permutation testing 25 because of the factorial nature of our experimental design (see Cohen, 2014) . Note that selecting 26 windows of interest on average maps was blind to subject-or condition-specific changes in 27 power/ITPC and is consequently orthogonal to the effect of interest, and thus not subjected to circular 28 inference. To better consider inter-individual variability, smaller subject-specific time-frequency 29 windows were defined within the first window of interest. These subject-specific windows were 30 centered around the time-frequency point of maximum power/ITPCz for each subject. The size of 31 those smaller windows was of 3 frequencies (according to the logarithmic scale) by 13 time points (so 32 around 77 ms after downsampling). Power and ITPCz values were then extracted from those windows 33 and subjected to further statistical analyses.
34
For each time-frequency window, and for both the motivation and cognitive action control sets of 35 epochs, power and ITPCz were compared between conditions using the same linear mixed models as 36 in the behavioral analysis. This resulted in a 3 (reward cue) and 3 (reward cue) * 2 (congruence) 37 factorial design for the motivation and cognitive action control sets of epochs respectively. For each 38 analysis, the Bonferroni corrections was applied to account for the number of time-frequency windows 39 selected so that the threshold was p = 0.05/n (time-frequency windows). When main effects were 40 significant, post-hoc Tukey test were applied as described above. The typical congruence effect was reflected by a strong slowing effect of the incongruent stimulus 5 observed on RT (F(1, 6189) = 302.1, p<0.0001; Figure 2A , Table 2 ). The promised reward also 6 significantly affected RT (F(2, 6189) = 103.2, p<0.0001), since we observed faster responses for the 7 1€ condition compared to the 1c and fake reward conditions (1€ vs. 1c, p<0.0001; 1€ vs. fake, 8 p<0.0001; 1c vs. fake, p = 0.08). These results illustrate that patients were faster to respond when the 9 high reward cue was presented. Conflict resolution was also influenced by the promised reward: the 10 effect of congruence was different according to the motivation condition as revealed by a significant 11 congruence*motivation interaction (F(2, 6189) = 6.03, p = 0.002). In order to test which reward 12 condition had the strongest congruence effect, we ran again the same model by isolating each pair of 13 reward conditions. Since three different models were ran, we applied a corrected significance 14 threshold of p = 0.05/3 = 0.017. Only the comparison between 1€ and fake yielded a significant 15 congruence*reward interaction, showing that the congruence effect was higher, and conflict resolution 16 harder, for the 1€ cue as compared to the fake cue (60 vs. 35 ms; F(1, 4127) = 11.9, p<0.0001; all 17 other comparisons NS). This higher congruence effect in 1€ condition seemed mostly driven by the 18 faster congruent RT. Indeed, the congruent condition for the 1 € reward had an averaged RT of 470 ms 19 compared to 515 and 531 ms for the 1c and fake rewards, respectively; thus a difference of 45 and 61 20 ms, respectively (all multiple comparisons between rewards for the congruent conditions p<0.0001).
21
For the incongruent conditions, the multiple comparisons were also all significant (p<0.0001), except 22 between the 1c vs. fake conditions (p=0.05). RT differences were significantly less pronounced in this 23 condition, with faster RT still observed for the 1€ condition. Average RT for 1c and fake were of 552 24 ms and 566 ms conditions, leading to a difference of 16 and 39 ms with the 1€ condition (average RT: 25 527 ms) respectively. 26 27
As for RT, a strong congruence effect was also observed for accuracy, with less accurate responses in 28 the incongruent condition (χ 2 = 67.5, p<0.0001, Figure 2B , Table 2 ). However, contrary to RT, 29 accuracy was not different according to the size of the promised reward (χ 2 = 0.4, p=0.8). The 30 congruence effect was also not influenced by motivation, as revealed by the absence of a significant 31 congruence*motivation interaction (χ 2 = 2.8, p=0.2). 32 33 
LFPs in relation to the motivational cue 2 3
In this section, we focused on testing if the STN had specific responses according to motivation. 4 Therefore, we investigated whether LFPs fluctuated according to the size of the promised reward prior 5 to the presentation of the imperative stimulus. 6 7
Power results 8 9
For this set of analyses, we focused on 2 different time-frequency windows defined on the overall 10 average time-frequency power map ( Figure 3A ): a first one in the theta-lower alpha band (from 5.2 to 11 10.3 Hz and from 100 to 450 ms after the reward cue), and a second one in the beta band (from 12 to 12 23.5 Hz and from 200 to 650 ms). Subject-specific smaller windows were defined around the peak of 13 increase/decrease in power in each of these 2 bigger windows. Any activity occurring after 1700 ms 14 was not considered for analyses, since the imperative stimulus could be displayed between 1700 and 15 2000 ms. Furthermore, we did not consider the delta increase around 700 ms, since it was already 16 present before stimulus onset, as well as the late theta suppression because it is hardly dissociable 17 from an effect that would occur around the imperative stimulus onset. Since 2 time-frequency 18 windows were selected, the significance threshold was adjusted to p = 0.05/2 = 0.025. a. Theta-lower alpha window 12 13
We observed an increase in theta power as compared to baseline, that peaked at an average of 7.6 ± 14 1.6 Hz and 296 ± 116 ms. Figure 3B illustrates the power extracted around that peak for each reward 15 cue. We observed no clear fluctuation in theta power according to the size of the promised reward, 16 which was confirmed by the absence of a significant motivation effect (F(2, 58) = 0.5, p = 0.6; Figure  17 3A, Table 2 ). This result suggests that the amplitude of the STN oscillatory activity was similar 18 regardless of motivation. 19 20 b. Beta window 21 22
We observed a beta power decrease as compared to baseline, that peaked at an average of 16.8 ± 3.9 23
Hz and 497 ± 142 ms. Figure 3C presents the power extracted around that peak for each motivational 24 cue and shows that the decrease in power was stronger for the highest motivation level (F(2, 58) = 4.2, 25 p = 0.02; Table 2 ). Post-hoc tests confirmed that the decrease was stronger for the 1€ condition as 26 compared to the 1c condition (p = 0.04) and to the fake condition (p = 0.03). There was no difference 27 between the 1c and fake conditions (p = 1). 28 29 reward. Overlaid data points show average ITPCz for each STN. 8 9 Figure 4A presents the ITPCz time-frequency map averaged over all trials where higher phase 10 alignment can be observed in the theta band. We selected a time-frequency window ranging from 2.3 11 to 7 Hz and from 130 to 690 ms. This window roughly corresponds to the theta window investigated 12 for power analyses. As for power results, smaller subject-specific windows were defined in that larger 13 window. Later ITPCz fluctuations were not considered since the imperative stimulus could be 14 presented beginning at 1700 ms after presentation of the reward cue which prevents interpretations. 15
ITPC results
16
In the selected window, ITPCz peaked at 4.3 ± 1.5 Hz and 387 ± 171 ms. Although phase alignment 17 seemed to be higher in the fake condition, no effect of motivation was found on ITPCz (F(2,58) = 1.5, 18 p = 0.2; Figure 4B , Figure 5A presents time-frequency map of power averaged over all trials. We selected 3 different 34 time-frequency windows for the investigation of the effect of conflict and motivation on power: a theta 35 window (from 100 to 400 ms and from 5.2 to 10.3 Hz), a delta window (from 350 to 1310 ms and 36 from 1 to 3.3 Hz) and an upper alpha-beta window (from 100 to 1100 ms and from 12 to 34.4 Hz).
37
Inside those windows, smaller subject-specific windows around power peak were defined. Since 3 38 time-frequency windows were selected, the significance threshold was adjusted accordingly using the 39
Bonferroni correction to p = 0.05/3 = 0.017. We observed an early increase in power from baseline in the theta window, with an average peak at 13 7.4 ± 1.6 Hz and 290 ± 100 ms. The extracted theta power was influenced by conflict ( Figure 5B,  14 Table 2), since we observed a higher power increase in the incongruent condition as compared to the 15 congruent one, as revealed by a significant congruence effect (F(1, 145) = 6.0, p = 0.01). However, the 16 size of the promised reward had no effect on theta power (F(2, 145) = 0.9, p =0.4). In the same way, 17 reward conditions had no effect on the size of the congruence effect, as revealed by the absence of a 18 significant motivation*congruence interaction effect (F (2, 145) = 0.1, p = 0.9). 19 20 b. Delta window 21 22
Increased power from baseline could also be seen later in time in the delta band, with an average peak 23 of power at 2.3 ± 1 Hz and 835 ± 284 ms. We did not observe any differential increase in power 24 according to congruence (F(1, 145) = 0.3, p = 0.5; Figure 5C , Table 2 Power extracted from the upper-alpha-beta window actually peaked in beta with an average peak at 2 18.3 ± 5.2 Hz and 596 ± 267 ms. The beta power decrease from baseline seemed to depend on 3 congruence with stronger decrease in the incongruent condition. However, this effect was not 4 significant using the statistical threshold corrected for multiple comparisons (F(1, 145) = 5.2, p = 0.02; 5 Figure 5D , Table 2 ). Beta band power was not affected by the size of the promised reward (F(2, 145) = 6 0.4, p = 0.7),nor did we observe a significant influence of motivation on the size of the congruence 7 effect (F(2, 145) = 1.1, p = 0.3). 8 9
ITPC results
11
We further investigated the functional organization of neural oscillations across trials. To this end, we 12 computed ITPCz at all time-frequency points. Similarly to power, we focused the analyses of the 13 experimental condition effects on a specific time-frequency window. Here, we selected only one 14 window on the global average time-frequency map showing an increase in ITPCz including the theta 15 and part of the delta band from 2.3 to 8.2 Hz, and from 80 to 460 ms ( Figure 4A ). Since the increase 16 in ITPCz seemed to include part of the delta band, we used a low frequency limit of 2.3 Hz. We 17 ignored lower frequencies because of the high probability of synchronization in very low frequencies.
18
This increased activity peaked at 5.2 ± 1.8 Hz and 274 ± 127 ms, with 21 STN peaking in the theta 19 band and 9 in the delta band. Effects in that time-frequency window will thus be described as low-20 frequency effects (<8Hz). As for the previous analyses, smaller windows were defined in that larger 21 window around the peak of ITPCz for each subject.
23
As shown in Figure 6B , ITPCz was consistently lower when the situation was incongruent (F(1, 145) 24 = 7, p = 0.01; Table 2 ), indicating that the conflict induced a lower functional organization compared 25 to congruent situations. As opposed to power analyses, ITPCz varied according to motivation with 26 functional organization in theta increasing with the size of the promised reward. This was revealed by 27 a significant motivation effect (F(2, 145) = 4.3, p = 0.01). However, the size of the congruence effect Here, we tested whether STN oscillatory activity, in terms of power, was linked with behavior. First, 2 since beta power following the reward cue showed a significant effect of reward, and since reward had 3 a significant effect on RT, we checked whether these effects correlated with each other. No significant 4 correlation was observed between the reward effect on RT and beta power, neither on the 1€-fake 5 reward effect (ρ = 0.26, p = 0.16), nor the 1€-1cent effect (ρ = 0.11, p = 0.55). We did not identify any 6 other significant correlation between power in other time-frequency windows and behavior. 7 8 Discussion 9
The goal of this study was to improve our understanding of the role of the STN during 10 incentive motivated action control. To this aim, we analyzed STN oscillatory activity in response to 11 promised-reward during conflict resolution. Indeed, although the influence of reward expectation on 12 cognitive action control has yielded somewhat different results so far, most of them have suggested an 13 influence of the reward presentation on conflict resolution. Since conflict modulates low-frequency 14 power in the STN and since these oscillatory dynamics seem to fluctuate according to reward stimuli, 15
we hypothesized that promised-reward during a conflict task would modulate the size of the 16 congruence effect on STN for low-frequency oscillations. Although our result did not confirm this 17 hypothesis, we identified subtle reward effect on STN activity during conflict resolution.
19
Promised-reward toughens conflict resolution 20 21
In line with the conflict resolution literature, we found a significant congruence effect on both 22
RT and accuracy, although this effect seemed more stable across subjects for RT than for accuracy. reward on conflict resolution, the fact that other studies found different, or no effects, and that results 37 vary using the same experimental task, point to a subtle reward influence that might be hard to 38 interpret in the light of the sole behavioral results. 39 40
Promised-reward modulates the functional organization of low-frequency STN activity during 41 conflict resolution 42 43
The STN holds a crucial position in the cortical-subcortical loops, since it receives many 44 inputs from circuits that are involved in cognitive action control and in reward processing (Isaacs et 45 al., 2018) . As a result, the STN activity might reflect integration of both cognitive processes. This reported in a previous study (Zavala et al., 2013) , since conflict typically yields increased theta power, 2 higher functional organization would be logically expected. One explanation of such a result might be 3 found in the usually higher variability observed in incongruent RT. Indeed, congruent RT had less 4 variance than incongruent RT, which in turn implies that all response-locked oscillatory activity had a 5 greater chance to cluster across trials in congruent versus incongruent trials. This could be verified by 6 applying response-locked analyses to the present data set. However, due to technical difficulties, RT 7
could not be associated to triggers in the present LFP signals and were not associated with a trial 8 number in the recordings, preventing such analyses from being conducted. 9
As opposed to our hypothesis, we did not observe any modulation of conflict-related theta 10 power increase according to the size of the promised reward, nor did we find any global reward effect 11 on STN LFP power following the imperative cue. However, a reward effect was present when 12 focusing on low frequency ITPC (< 8Hz), illustrating that high rewards was associated with greater 13 local functional organization during conflict resolution. Reward presentation influences high rather than low-frequency STN activity 27 28
Our results did not reveal any effect of the reward size on theta power after the onset of the 29 reward cue. This is at odd with the results from Zénon et al. (2016) , who described increased low 30 frequency power with higher reward. In their study, decision conflict was inferred on the basis of the 31 probability to accept/refuse performing a trial given the size of the reward and the amount of effort to 32
provide. This is different, as the authors explained, from classical conflict tasks with a two alternative 33 forced choice. However, although it is hard to compare both studies in terms of conflict-related 34 activity, modulation of STN activity in relation to the reward cue should be similar. The absence of 35 reward presentation effect could be related to a potential anticipation of conflict. Indeed, Cooper et al.
36
(2017) have described a strong fronto-parietal increase in theta power in anticipation of conflict that 37 could predict cognitive action control performances. Although this study was performed in healthy 38 participants, since the STN has been associated with cognitive action control performance, such 39 anticipatory theta activity might also occur in the STN in the framework of proactive cognitive action 40
control. This could in turn mask subtle reward effects and one could argue that, since response conflict 41 was much less prominent in Zénon et al. (2016) , these anticipatory oscillatory changes were less 42 present, thus allowing for the detection of reward-related fluctuations in power. Although this is purely 43 speculative, it could also explain why no reward effect was found in low-frequency activity in Oswal 44 et al. (2013) , in which response conflict (when a limb was cued and a movement of an opposite limb 45 was expected) was high.
46
As opposed to low frequencies, STN activity in higher frequencies following cue onset, 47 specifically in the beta band, was influenced by the size of the reward. More precisely, higher rewards 48 were associated with stronger beta power suppression. As it was argued in the previous paragraph, 49 interpretation of beta power suppression is challenging. This suppression, taking place before the 50 imperative stimulus was displayed, might reflect the preparation for the upcoming action, and could 51 also indicate response withholding during the pre-stimulus period. Interestingly, higher reward also 52 had an effect on behavior by speeding RT, which would be in line with a response preparation 53 sustained by beta suppression. However, we did not find any relationship between these behavioral 54 results and STN beta activity, thus encouraging to interpret this result with caution. Nonetheless, 55 M A N U S C R I P T
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stronger beta suppression has recently been described to be associated with speed by Herz et al. 1 (2017) . In that study, the authors asked the patients to focus either on the speed or accuracy of their 2 response. Speed emphasis was associated with stronger beta suppression in the STN and with changes 3 in STN-cortical connectivity. These results were interpreted as reflecting the modulation of a motor 4 network involving the STN and cortical motor areas. In the present study, one could interpret the fake 5 and 1 cent cue as trials in which speed is less important than for the 1 euro cue. This could result in 6 speed-accuracy strategies implemented by the patients with an emphasis on speed for the 1 euro 7 condition. Thus, our results could be interpreted the same way as the one of Herz et al. (2017) and 8 stronger beta suppression for the 1 euro cue could be linked to the faster responses following that cue. 9
However, it is important to mention that patients in this study were explicitly asked to be as fast and as 10 accurate as possible. Furthermore, although an increase in speed with high reward is described in our 11 behavioral results, a clear speed-accuracy trade-off is not supported by our data since accuracy was 12 always high, whatever the reward cue.
13
As a whole, although our results show a reward effect in the STN oscillatory activity, it is 14 different from what has already been observed. One explanation could be that experimental designs, in 15 terms of experimental task, differed. An interesting fact related to the heterogeneity in STN activity 16 modulation facing motivation is that researches also pointed out that there is also heterogeneity in how 17 STN neurons respond to reward (see Bonnevie & Zaghloul, 2018 This study comes with two major limitations. First, we did not observe any significant relationship 24 between behavior and STN neuronal activity. Thus, although we found changes in STN activity 25 related to task conditions, the absence of correlation with behavioral results makes difficult to interpret 26 electrophysiological findings as relevant for behavior. On the other hand, we believe that this 27 limitation might result from the second limitation of this study, which is linked to technical difficulties 28 in having RT corresponding triggers in the LFP signal. Indeed, correlations between STN activity and 29 behavior were estimated using mean RT and power results while the benefit of investigating single 30 trial brain-behavior relationships has been demonstrated (Cohen & Cavanagh, 2011). Thus, although a 31 true relationship might exist between these measures, we were unable to expose it since we couldn't 32 use each trial RT-power datapoint. Especially, this would explain why we did not find any relationship 33 between theta power and RT, which has already been described in the STN (Zavala et al., 2013) , and 34 repeatedly observed in the midfrontal cortex (see Cohen, 2014 for a review). Further studies will have 35 to deal with the issue of relationships between the effect of reward on behavior and STN activity. 36
Furthermore, the inability to perform response-locked analyses also precluded from firm conclusion 37 regarding oscillatory activity that was in the range of the average response time. Indeed, interpreting 38 beta suppression occurring after the onset of the imperative stimulus is hard since this suppression 39 happens around the average RT. In that case, beta suppression might be more associated to the 40 response than the stimulus, which might explain why congruence effect on beta activity did not 41 survive the multiple comparison correction. 42 43 Conclusion 44 45
The STN is a key structure in the basal ganglia, since it shares hyperdirect connections with cortical 46 areas that have been described as essential in various cognitive processes, notably in cognitive action 47 control and reward processing. Recent research have proposed that incentive motivation influences 48 cognitive action control performances. This study provides empirical evidence that STN activity, as 49 behavior, is influenced by reward during cognitive action control. However, the effect of reward 50 presentation seems subtle and needs further investigation to determine more precisely its relevance. 
